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Abstract

Among its many advantages, mangroves have a function as carbon sequestration
and storage. The aim of this study was to determine the differences in the ability
of various rehabilitated mangrove species of carbon Sequestration of Above-
Ground Biomass. This study was conducted from June 2020 to December 2021
in Kedung, Mlonggo, and Keling Subdistricts, Jepara Regency, Central Java,
Indonesia. The mangrove plantation was a result of a rehabilitation programme
sponsored by a society and the local government since 2009. Carbon sequestration
measurement in tree biomass was estimated by a non-destructive method i.e., by
measuring the Diameter at Breast Height (DBH). Statistical analysis to determine
the relationship between carbon storage in several species of mangroves and the
environmental factors were performed using XL stat 2022. There were 4 (four)
mangrove species found i.e., Avicennia marina (Forssk) Vierh, Rhizophora
apiculata (Blume), Rhizophora mucronata (Lamk), and Sonneratia alba Sm.
The highest CO, absorption (397.21 tons ha') was obtained both in Kedung and
Mlonggo stations with R. mucronata, whereas in Keling station with R. apiculata
the absorption was 54.27 tons ha'. The results of Principal Component Analysis
(PCA) showed that the number of trees and DBH had a relationship with biomass,
carbon content, and carbon absorption. Diameter at Breast Height in mangrove
species can be used as indicators to assess carbon sequestration in Above Ground
Biomass.
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1. Introduction

Jepara Regency as one of the districts in Cen-
tral Java, Indonesia, is located at 5°43°20.67” to 6°47"
25.83” South Latitude and 110°9°48.02” to 110°58"
37.40” East Longitude. Mangrove community is known
as a unique ecosystem with low biodiversity. In Jepa-
ra, mangroves continue to experience an increase in
population, forming a forest through the rehabilitation
processes. The progress of mangrove rehabilitation also
gradually supports the survivability of other organisms.
Mangrove ecosystems have various functions, i.e., as
habitat of organisms (Ariyanto et a/., 2020), a source
of bioactive compounds, proximate content (Ariyanto
et al., 2019b), nitrogen (N), phosphorus (P), potassium
(K), Boron (B), Manganese (Mn), and Iron (Fe) produc-
ers (Ariyanto ef al., 2019c¢), as well as producing anti-
microbial compounds (Pringgenies et al., 2021). More
recently, mangrove ecosystem proved to have another
function in global warming mitigation, serving as a car-
bon absorber and storage (Penaranda et al., 2019).

Mangroves are known as blue carbon forests in
the world and play a role in carbon sequestration (Kan-
dasamy et al., 2021), which was estimated at 14.2 TgC
yr—1 and per unit area at 1.71 = 0.17 Mg C ha—1 yr—1
(Alongi, 2018). Being characterized by high density of
organic carbon (OC) storage causing high rates of man-
grove deforestation to lower its capability to reduce an-
thropogenic emissions of greenhouse gases (Kauffman
et al., 2014) since the concentration of CO, may change
the primary productivity of mangroves due to the pho-
tosynthesis processes (Woodrofte ef al., 2015; Atwood
et al., 2017; Almahasheer et al., 2017; Supriharyono,
2021).

Adaptation and mitigation strategies to climate
change impacts are also due to mangroves having the
ability to protect coastal zone and therefore maintain-
ing sustainable fishpond zone to implement silvofish-
eries (Sutrisno et al., 2021). Mangroves may balance
between waves and tides resulting in a stable chenier in
the nearshore (Tas ez al., 2022). Furthermore, Osland ef
al., (2020) stated that long-term effects of cyclone-in-
duced ecological regime shifts are due to the conversion
of mangrove forests to mudflats. Mangroves have the
ability to store most of their carbon stocks in above and
below ground biomass (Donato ef a/., 2011). This study
focused on the upper part due to the lack of allometric
equations for below ground biomass and the lack of
accuracy in estimating mangrove roots (Komiyama et
al., 2008). This is also supported by several studies on
general allometric equations developed in below ground
biomass and carbon stocks that have not provided accu-
racy (Hamilton and Friess, 2018).
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Mangroves in Jepara Regency are the result of
rehabilitation activities of local community, institutions,
and government agencies. The planted species include
Rhizophora mucronata, Rhizophora apiculata, Sonner-
atia alba, and Avicennia marina. These mangroves have
their respective advantages in terms of growing and de-
veloping in tidal areas. As such, Rhizophora mucronata
is tolerant of heavy metals (Ganeshkumar ez a/., 2019;
Nualla-ong et al., 2020). A. marina is the main species
of mangrove that grows in this area either as a pure stand
or in mixed with R. mucronata (Mutairi et al., 2012). A
marina has a good growth when it is longer submerged
in high tide. R. apiculata affects water quality, micro-
biota, and growth characteristics of marine biota (Dai
et al., 2020). Meanwhile, S. alba provides an abundant
sequence source for future genetic diversity, salt adapt-
ability (Chen et al., 2011), and short fruiting time pat-
terns with respect to seasons (Wang’ondu ez al., 2013).
Furthermore, mangrove can support a carbon sequestra-
tion depending on sediment stability (van Bijsterveldt
et al., 2020), an environmental condition (Chatting ef
al., 2020; Swangjang and Panishkan, 2021), the organic
carbon (Kusumaningtyas et al., 2019; Gao et al., 2019)
and mangrove planting (Monga ef al., 2022). Mangrove
management practices are also needed to support sus-
tainable carbon sequestration dynamic (Hanggara ef al.,
2021).

Mangrove stands have great potential in absorb-
ing CO, from the atmosphere and storing it in the form
of body biomass. The concentration of CO, can change
the primary productivity of mangroves due to the pro-
cess of photosynthesis (Almahasheer et al., 2017; Su-
priharyono, 2021). The process of carbon absorption is
also supported by the decomposition process (Ariyanto
et al., 2018) of the physicochemical factors and litter
dynamics (Ariyanto ez a/., 2019a). Land use can affect
the existence of carbon stocks in the mangrove envi-
ronment (Zakaria et al., 2021). Climate has the effect
of decreasing 14.6% of the total carbon stock (Gomes
et al., 2021). The potential of mature plantations can
enhance carbon stocks (Wang e a/., 2021), mangrove
blue carbon for climate change mitigation (Zeng ef al.,
2021), and associated carbon stock and potential emis-
sions of mangroves (Aljenaid ef al., 2022). Adaptation
and mitigation strategies to climate change impacts in
the mangrove ecosystem are supported by mangroves
having the ability to store organic carbon (OC) for a
long time (Woodroffe ef al., 2015; Atwood et al., 2017).
The aim of this study was to determine the differences
in the ability of various rehabilitated mangrove species
in Jepara Regency to carbon Sequestration of Above
Ground Biomass.
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2. Materials and Methods

2.1 Timeline and Location

This study was conducted from June 2020 to
December 2021 in three sites, i.e., Kedung, Mlonggo
and Keling subdistricts; in each site three sampling
points have been sampled (Figure 1). The coordinates of
each location are C1 (Kedung): 6°397060 S 110°38760

E, C2 (Mlonggo): 6’30420 S: 110°407380 E, and C3
(Keling): 6°24°6008S, 110°507400 E. Sample collections
were taken three replications (C1=1,2,3; C2 =4,5,6; C3
=7,8,9) and sampling point was determined by means
of purposive sampling methods, considering density,
growth stadia, diameter at breast height, and dominance
of the mangroves. Data was analyzed in the Integrated

Laboratory of The Diponegoro University, Semarang.
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Figure 1. Study locations in three subdistricts (small and large black dots) of Jepara Regency, Indonesia
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Figure 2. Transect plot for data collection of tree stem diameter in mangrove

Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga

226



Hayati et al. / JIPK, 15(1):224-235

2.2 Working Procedure
2.2.1 Sampling (mangrove)

The mangroves at the study site were the result
of rehabilitation since 2009. Sampling of mangroves
based on mangrove planting consisted of R. mucronata,
R. apiculata, A. marina, and S. alba which tended to
cluster in one planting location. Mangrove identification
samples consist of leaves, fruit, flowers, and roots on R.
mucronata, R. apiculata, A. marina, S. alba. Determina-
tion of this species is based on guidelines (Anwar er al.,
2003). The plot shape used in this study was a square
or rectangle, so that it was easy to monitor. The shape
and size of the plot was a standard size that follows SNI
(Indonesian National Standard) 7724 (2011) (Figure 2).

The mangrove transect plot followed the con-
tours of the area. Each station has three transect with
10 m x 10 m and the same distance between plots and
width. The plot size was 10 m x 10 m to measure trees
> 5 cm in diameter (Kauffman and Donato, 2012). The
sample data was collected on low tide condition. The
primary data collected in the sample plots related to
mangrove stands included the tree species, tree diame-
ter at breast height (1.3 m above ground level) using a
diameter tape and branch-free tree height.

2.2.2 Environmental variables

Some routine environmental physical param-
eters were measured. Physical parameter consisted of
water quality (pH, dissolved oxygen, temperature, and
salinity) using a water quality instrument (model AZ
8603, China) and sediment texture.

2.3. Data Analysis
2.3.1 Mangrove density

The density of each species was calculated from
the results of the stands calculation in a certain area in
individual units/m?. The relative observation was the
percentage density of each species in the transect. The
relative density value was obtained by equation (Rach-
mawati ef al., 2014):

RD = 100% (Di/D)

Note: RD = Relative Density, D, = Individual density of
each species i, D = Total individual density

2.3.2 Biomass

Tree biomass estimation was conducted using a
non-destructive sampling method by measuring the Di-
ameter at Breast Height (DBH) (Table 1). Calculations
with allometric models were performed to estimate the
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potential of biomass and its carbon storage. The above-
ground biomass (Diameter at Breast Height, Biomass
wood density) calculation used an allometric equation
that was in accordance with the characteristics of the
measurement location. These include the climatic zone,
forest type and if possible, the species name or group of
species. Determination of mangrove biomass for each
species in this study used the above-ground biomass al-
lometric model (Rusolono ez al., 2015).

Table 1. Above-ground biomass allometric model

Species type Allometric model Source

Rhizophora —5_ 0043426 (Amira, 2008)

apiculata

Avi . (Dharmawan

n,;’;e”""’ A= B =0.1848*D>*  and Siregar,
2008)

Rhizophora mu- (Dharmawan,

B = 0.1466*D>30

cronata 2010)
. _ s (Kauffman and
Sonneratia alba B =0.3841pD Cole, 2010)

Note: B = Biomass (kg); D = Diameter at Breast
Height (cm); p = wood density (gr/cm?)

2.3.3 Carbon storage

The tree biomass allometric model approach
was developed for a species or ecosystem that will be
predicted in a certain location which was not/not yet
available, but a tree biomass allometric model for that
ecosystem type/species was already available or devel-
oped in other locations (Krisnawati ez a/., 2012). Estima-
tion of carbon stock based on biomass requires the value
of the biomass conversion factor to carbon stock called
the carbon fraction. Values for carbon fractions of spe-
cific species or ecosystem types that are not available
can be calculated using IPCC (Intergovernmental Panel
on Climate Change) default value of 0.47 (Pachauri and
Reisinger, 2007).

Carbon Stock = 0.47 x Biomass

Conversion of carbon stock to CO, — equivalent can be
determined using the ratio of the relative atomic mass
of C (12) to the relative molecular mass of CO, (44)
formulated through the following equation:

CO, — equivalent = (44/12) x carbon stock

2.4 Statistical Analysis
This research used XL Stat 2022 on processing
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data. Analysis statistic used to know the relationship be-
tween sequestration and environmental factor.

3. Results and Discussion

3.1 Mangrove Density

The relative density of various mangrove types
and locations in Jepara Regency, Central Java (Table 2).
In the location of Kedung (T), three mangrove species
were found: A. marina, R. apiculata, and R. mucronata.
The highest relative densities order was R. mucronata
> R. apiculata > A. marina. Meanwhile, in Mlonggo,
three mangrove species of A. marina, R. apiculata, and
R. mucronata were also found, and the highest relative
densities order were R. mucronata > R. apiculata >
A. marina. Four species of mangroves were found in

Keling (K) subdistrict: A. marina, R. apiculata, R. mu-
cronata and S. alba (Table 2). Each with the number of
trees as follow: S. alba (2 trees), R. mucronata (5-10
trees), R. apiculata (1-2 trees), and 4. marina (3 trees).
The highest relative density values in Keling (K) order
were R. mucronata > R. Apiculata>S. alba > A. marina.

Types of mangroves found at the sites includ-
ed Avicennia marina (Forssk) Vierh., Rhizophora mu-
cronata (Lamk), Rhizophora apiculata (Blume), and
Sonneratia alba Sm. The highest biomass content of R.
mucronata at Kedung site was 235.28 tons ha! and the
lowest was 8.42 tons ha! (Table 3). At Mlonggo site, the
highest biomass content was achieved in R. mucronata
of 235.28 tons ha'! and the lowest was in A. marina of
41.60 tons ha''. At the Keling site, R. apiculata obtained

Table 2. Relative density of mangroves at the study locations (100 m-2)

Location Ma;;g;:ve Seedling Sapling DBH (cm) Tree RD (%)
ClL A. marina 15 35 10 2 9.09
' R. mucronata 15 20 15 20 90.91
A. marina 2 10 6 20.69
Cl.2 R. apiculata 13 20 68.97
R. mucronata 18 2 6.9
c13 R. mucronata 11 5 11 84.62
' R. apiculata 46 46 10 15.38
R. apiculata 10 8 15 33.33
C2.4
R. mucronata 1 10 66.67
A. marina 21 12 18 90
C2.5
R. mucronata 18 2 10
A. marina 10 2 25
C2.6
R. mucronata 10 15 6 75
R. mucronata 15 8 10 71.43
R. apiculata 10 10 6 5 7.14
C3.7
S. alba 2 1 7 2 79.37
A. marina 0 5 3 21.43
A. marina 0 5 2 20
C3.8 R. mucronata 5 21 5 6 60
R. apiculata 0 1 7 2 20
R. apiculata 0 0 10 1 4.76
C39 R. mucronata 74 51 8 5 80.95
A. marina 0 22 7 3 14.29
Note: Kedung (C1), Mlonggo (C2), Keling (C3), Replication (1,2,3,4,5,6,7,8,9)
Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga 228
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Table 3. Estimation of above-ground biomass and carbon sequestration

Location Type Biomais Carbon_l1 CO, sequestration
(ton ha) (ton ha) (ton ha-1)
A. marina 41.6 19.14 70.23
cll R. mucronata 146.46 67.37 247.25
A. marina 41.6 19.14 70.23
Cl.2 R. apiculata 63.67 29.29 107.49
R. mucronata 235.28 108.23 397.21
R. mucronata 8.42 3.87 14.21
cl3 R. apiculata 31.85 14.65 53.77
24 R. apiculata 92.91 42.74 156.85
R. mucronata 51.04 23.48 86.16
A .marina 63.88 29.38 107.84
€2 R. mucronata 235.29 108.23 397.21
6 A. marina 41.6 19.14 70.23
R. mucronata 146.46 67.37 247.25
R. mucronata 28.57 13.15 48.23
39 R. apiculata 8.26 3.8 13.96
S. alba 1.78 0.82 3.02
A. marina 8.15 3.75 13.75
A. marina 8.15 3.75 13.75
C3.8 R. mucronata 8.42 3.87 14.21
R. apiculata 12.52 5.76 21.14
R. apiculata 32.15 14.78 54.27
C3.9 R. mucronata 28.57 13.14 48.23
A. marina 17.98 8.27 30.34

Note: Kedung (C1), Mlonggo (C2), Keling (C3), Replication (1,2,3,4,5,6,7,8,9), DBH (Diameter at Breast Height)

the highest biomass compared to the other mangroves,
which was 32.15 tons ha'!. The highest carbon seques-
tration of CO, ton ha" at Kedung site was found in R.
mucronata with 397.21 tons ha'. At Mlonggo site, the
highest CO, sequestration was achieved in R. mucrona-
ta with 397.21 tons ha'!, while at Keling site, the high-
est CO, sequestration was obtained in the mangrove R.
apiculata with 54.27 tons ha'. The higher biomass of a
tree will result in the higher carbon sequestration. The
tree biomass is also affected by the number of trees and
the value of tree DBH. Mangrove species also affects
biomass and carbon sequestration. This study revealed
that the mangrove species R. mucronata had high CO,
absorption capacity compared to other species of R.
apiculata, S. alba, and A. marina.
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Areas with dense vegetation classification have
observation trees with older plant ages, so that they
have a larger tree diameter than areas with sparse clas-
sification. This affects the average amount of carbon
contents. The value of carbon stock in mangrove forests
will increase in line with the increase in biomass. The
greater biomass content results in the greater carbon
stock. According to Kauffman and Donato (2012), the
carbon concentration in organic matter is usually 50%,
so that the carbon storage in the stem is 50% of the bio-
mass. However, the carbon storage in the roots is 39%.
The amount of biomass is affected by the tree’s diame-
ter. The larger diameter of the tree results in the greater
tree’s biomass. The larger the tree’s diameter, the more
CO, the tree absorbs. Plants absorb CO, from the air and
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convert it into organic compounds through the process
of photosynthesis. Mangrove stands have great potential
to absorb carbon.

Carbon losses occurring in affected forests in-
clude above-ground tree carbon loss, stock collapse, and
topsoil carbon loss (Osland er al., 2020). The greater
amount of carbon stored is influenced by the high soil
fertility and plant growth (Rusdiana, 2012). The amount
of carbon stored in the mangrove R. apiculata aged 1
year, 3 years and 5 years was 0.363, 5,591, and 7,240
tons ha-1, respectively (Wiarta ef a/., 2019). The aver-
age above and below-ground C stocks were 48.6 + 11.7
and 554.8 £ 112.2 MgC ha-1 (Tue et al., 2020). Carbon
stock and sequestration of A. marina varies according to
age and vegetative characteristics, and carbon absorp-
tion of A. marina is highly dependent on soil nutrients
(Kandasamy et al., 2021). Comparison of this research
with other studies shows that the total carbon stock of
above ground carbon in Sulaman Lake Forest Reserve,
Malaysia showed a higher above ground carbon con-
tent than below, i.e., above ground carbon (67.30+
20.55 Mg C ha-1) and below ground carbon (22.44+
0.17 Mg C ha-1) (Suhaili e al., 2020). Research in the
mangrove rehabilitation of Sulawesi also showed above
and below ground biomass of 125.48+93.48 Mg C ha-1
and 60.23+44.87 Mg C ha-1, respectively (Malik ef
al., 2020); while in Bintuni Bay, the above and below
ground live biomass carbon stocks were 96 + 65 and
17 £ 16 Mg C/ha, respectively (Sasmito e al., 2020).
In Tanzania, the above ground carbon (AGC) and be-
low ground carbon (BGC) of the good natural mangrove
plots ranged from 28.18 — 299.43 and 16.00 — 164.51
Mg C ha—1 (Monga et al., 2022).

3.2 Environmental Variables

Environmental parameter measurements in-
cluded pH, dissolved oxygen (DO), temperature and

salinity at the study sites (Table 4). The pH conditions
range from 7.6 — 8.4, while DO ranges from 5.2 — 6.6
mg L. There was no difference in salinity conditions at
the three study sites. In general, the sediments texture
conditions at the three sites were sandy mud and coral
sand mud.

3.3 The Relationship between Carbon and Mangro-
ve Species

This study used PCA (Principal Component
Analysis) to describe the relationship between carbon
stock and environmental conditions (Figure 3). There
was factor 1 and factor 2 of 70.30% consisting of F1
(49.0%) and F2 (21.29%). The number of trees and
DBH had a relationship with biomass, carbon content,
and carbon sequestration. The more trees that grew and
developed with a large DBH size affected the biomass,
carbon content, and carbon sequestration of mangroves.
This study also revealed that relative density had no re-
lationship with mangrove carbon sequestration.

The result showed that environmental factors of
pH and DO have a positive relationship, i.e., the high-
er the DO, the higher the pH value. Temperature and
salinity affect the value of mangrove biomass, carbon
content, and carbon sequestration. Carbon sequestration
and storage decreases with increasing temperature, pore
water salinity, pH, bulk density, and sand in mangrove
soils. The relatively low absorption capacity of organic
C from mangroves can be caused by low rainfall, lim-
ited nutrients, and temperature, decrease in mangrove
growth rate, and increase soil respiration rate (Alma-
hasheer et al., 2017). Salinity and nutrients encourage
the variability of the mangrove vegetation structure.
Soil and mangrove vegetation are in an alternating mul-
tivariate system. Soil-vegetation interactions are im-
portant in mangrove restoration (Cooray et al., 2021).

Table 4. Environmental variables of study locations in Jepara Regency, Central Java

Variable Kedung Milonggo Keling

1 2 3 1 2 3 1 2 3
Physics
pH 7.9 8.2 8.4 7.6 7.8 7.7 7.9 8 7.7
DO (mgL™") 6.4 6.6 5 5.8 5.6 5.2 52 6.2 5.2
Temperature (°C) 32 32 32 32 32 32 32 32 32
Salinity (%o) 32 32 32 32 32 32 32 32 32
Sediment texture sandy  sandy  sandy coral coral coral coral coral coral

mud mud mud sand mud sand mud sand mud sand mud sand mud sand mud

Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga 230
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Soil pH, salinity, organic matter, K, Mg, Ca, Cu, Ni, Zn,
and Mn were identified as basic soil chemical properties
that conserve and support mangrove vegetation (Cooray
etal., 2021).

Soil organic carbon in undisturbed mangroves
can contribute to a large proportion of the carbon stock,
regardless of the vegetation stand presence (Zakaria er
al., 2021). This study showed that the carbon sequestra-
tion capacity of rehabilitated mangroves increases with
age. Carbon stock storage stabilizes after maturity (i.e.,
>17 years) (Carnell e al., 2022). Saintilan et al. (2013)
also reported that coastal vegetation types play a role
in levels of carbon accumulation, storage, and carbon
sources in Australia’s coastal areas. The composition
of age and type of mangrove forest directly affect net
primary productivity and carbon sequestration poten-
tial (Sahu and Kathiresan, 2019). Species diversity, tree
density, tree age, and level of disturbance significant-
ly affect the distribution of the component patterns of
mangrove carbon stocks (Alongi and Mukhopadhyay,
2015; Phillips et al., 2017). Furthermore, mangroves
have the largest above ground biomass because of their
larger and woody growth forms. Kauffman ez a/. (2018)
found that mangrove carbon stocks were much higher
for above ground carbon.

4. Conclusion

Mangrove rehabilitation area has a better po-
tential for carbon sequestration. In this study, the man-
grove species that showed the greatest potential was R.
mucronata in Jepara Regency, Central Java, Indonesia.
The mangrove R. mucronata had the highest carbon ab-
sorption content, compared to the species 4. marina, R.
apiculata, and S. alba. The amount of carbon seques-
tration in mangroves was influenced by the number of
trees and DBH and was supported by environmental
factors of pH and salinity. The more trees that grew and
developed with a large DBH size affected the biomass,
carbon content, and carbon sequestration of mangroves.

Acknowledgement

Part of this paper covers the work conducted
for the first author’s doctoral degree at The Doctoral
Program of Aquatic Resources Management, Faculty of
Fisheries and Marine Science, Diponegoro University,
Semarang - Indonesia. We are grateful for the availability
of good facility during the course of the study

Authors’ Contributions

All authors have contributed to the final manu-
script. The contribution of each author as follow, ANH,

Biplot (axes F1 and F2: 70,30 %)
5 pll
4 T Tree
3
. 2
X
N
N
a” 1 ClAm % = CI1Rm
= C3Sa
& C3Am Y 8 CIRmy
0 } : : { . . : {
CO, sequestration
- T Seedling Dbh)
. CoRa ? Carbon Biomass
o -+ [ ]
C2Ra °
C2Rm
-3
-5 -4 -3 -2 1 0 1 2 3 4 5
F1 (49,01 %)

Figure 3. PCA result on the relationship between mangrove species and mangrove carbon sequestration

Note: C1 (Kedung), C2 (Mlonggo), and C3 (Keling), Am (4. marina), Ra (R. apiculata), Rm (R.

mucronata), Sa (S. alba), DBH (Diameter at Breast Height)

231

Jurnal Ilmiah Perikanan dan Kelautan



JIPK. Vol 15 No 1. Agril 2023 | Carbon Seﬂuestration of Above Ground Biomass ABBroach in the Rehabilitated..

NA, S, and MH; collected the data, drafted the manu-
script, and designed the figures. ANH and NA; devised
the main conceptual ideas and critical revision of the
article. All authors discussed the results and contributed
to the final manuscript.

Conflict of Interest

The authors declare that they have no compet-
ing interests.

Funding Information

This research wasn’t funding research.

References

Aljenaid, S., Abido, M., Redha, G. K., AlKhuzaei, M.,
Marsan, Y., Khamis, A. Q., Naser, H., Al Ru-
maid, M., & Alsabbhaq, M. (2022). Assessing
the spatiotemporal changes, associated carbon
stock, and potential emissions of mangroves in
Bahrain using GIS and remote sensing data. Re-
gional Studies in Marine Science, 52:102282.

Almahasheer, H., Serrano, O., Duarte, C. M., Arias-Or-
tiz, A., Masque, P., & Irigoien, X. (2017). Low
carbon sink capacity of Red Sea mangroves.
Scientific Reports, 7(9700):1-10.

Alongi, D. M. (2018). Blue carbon coastal sequestra-
tion for climate change mitigation. Switzerland:
Springer.

Alongi, D. M., & Mukhopadhyay, S. K. (2015). Contri-
bution of mangroves to coastal carbon cycling
in low latitude seas. Agricultural and Forest
Meteorology, 213:266-72.

Amira, S. (2008). Pendugaan biomassa jenis Rhizopho-
ra apiculata Bl, di hutan mangrove Batu Ampar
Kabupaten Kubu Raya, Kalimantan Barat. Un-
dergraduate Thesis. Bogor: Institut Pertanian
Bogor (IPB).

Anwar, C., Kitamura, S., Chaniago, A., & Baba, S.
(2003) Buku panduan mangrove di Indonesia:
Bali dan Lombok. Denpasar: Departemen Ke-
hutanan Republik Indonesia, Japan Internation-
al Cooperation Agency.

Ariyanto, D., Bengen, D. G., Prartono, T., & Wardiatno,
Y. (2018). Short communication: the relation-
ship between content of particular metabolites
of fallen mangrove leaves and the rate at which
the leaves decompose over time. Biodiversitas,

Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga

19(3):780-785.

Ariyanto, D., Bengen, D. G., Prartono, T., & Wardiatno,
Y. (2019a). The physicochemical factors and
litter dynamics (Rhizophora mucronata Lam.
and Rhizophora stylosa Griff) of replanted
mangroves, Rembang, Central Java, Indonesia.
Environment and Natural Resources Journal,
17(4):11-19.

Ariyanto, D., Gunawan, H., Puspitasari, D., Ningsih, S.
S., Jayanegara, A., & Hamim. (2019b). Identi-
fication of the chemical profile of Rhizophora
mucronata mangrove green leaves from the
eastern coast of Asahan, North Sumatra, Indo-
nesia. Plant Archives, 19(2):4045-4049.

Ariyanto, D., Gunawan, H., Puspitasari, D., Ningsih, S.
S., Jayanegara, A., & Hamim, H. (2019¢). The
differences of the elements content in Rhizo-
phora mucronata leaves from Asahan Regency,
North Sumatra, Indonesia. Polish Journal of
Natural Sciences, 34(4):481-491.

Ariyanto, D., Bengen, D. G., Prartono, T., & Wardiat-
no, Y. (2020). Distribution and abundance of
Cerithideopsilla djadjariensis (Martin 1899)
(Potamididae) on Avicennia marina in Rem-
bang, Central Java, Indonesia. Egyptian Journal
of Aquatic Biology and Fisheries, 24(3):323-
332.

Atwood, T. B., Connolly, R. M., Almahasheer, H.,
Carnell, P. E., Duarte, C. M., Lewis, C. J. E.,
Irigoien, X., Kelleway, J. J., Lavery, P. S., Mac-
readie, P. 1., Serrano, O., Sanders, C. J., Santos,
L., Steven, A. D. L., & Lovelock, C. E. (2017).
Global patterns in mangrove soil carbon stocks
and losses. Nature Climate Change, 7(7):523-
528.

Carnell, P. E., Palacios, M. M., Waryszak, P., Trev-
athan-Tackett, S. M., Masqué, P., & Macreadie,
P. 1. (2022). Blue carbon drawdown by restored
mangrove forests improves with age. Journal of
Environmental Management, 306:114301.

Chatting, M., LeVay, L., Walton, M., Skov, M. W,
Kennedy, H., Wilson, S., & Al-Maslamani, I.
(2020). Mangrove carbon stocks and biomass
partitioning in an extreme environment. Esfu-
arine, Coastal and Shelf Science, 244:106940.

Chen, S., Zhou, R., Huang, Y., Zhang, M., Yang, G.,

232



https://doi.org/10.1016/j.rsma.2022.102282
https://doi.org/10.1038/s41598-017-10424-9
https://www.researchgate.net/publication/343486022_Blue_Carbon_Coastal_Sequestration_for_Climate_Change_Mitigation_2
https://doi.org/10.1016/j.agrformet.2014.10.005
http://repository.ipb.ac.id/handle/123456789/50332
http://perpustakaan.kkp.go.id/union/index.php?p=show_detail&id=63475
https://doi.org/10.13057/biodiv/d190304
https://doi.org/10.13057/biodiv/d190304
https://doi.org/10.32526/ennrj.17.4.2019.27
http://anuragaja.staff.ipb.ac.id/files/2020/05/Ariyanto_2019_PA_chemical-profile-mangrove.pdf
http://www.uwm.edu.pl/polish-journal/sites/default/files/issues/articles/3-guanawan_ariyant.pdf
https://www.researchgate.net/publication/342296678_Distribution_and_abundance_of_Cerithideopsilla_djadjariensis_Martin_1899_Potamididae_on_Avicennia_marina_in_Rembang_Central_Java_Indonesia
https://doi.org/10.1038/nclimate3326
https://www.sciencedirect.com/science/article/pii/S030147972102363X
https://doi.org/10.1016/j.ecss.2020.106940
https://doi.org/10.1016/j.margen.2011.03.005

Hayati et al. / JIPK, 15(1):224-235

Zhong, C., & Shi, S. (2011). Transcriptome
sequencing of a highly salt tolerant mangrove
species Sonmneratia alba using Illumina plat-
form. Marine Genomics, 4(2):129-136.

Cooray, P. L. I. G. M., Jayawardana, D. T., Gunathilake,
B. M., & Pupulewatte, P. G. H. (2021). Char-
acteristics of tropical mangrove soils and rela-
tionships with forest structural attributes in the
northern coast of Sri Lanka. Regional Studies in
Marine Science, 44:101741.

Dai, W., Xiong, J., Zheng, H., Ni, S., Ye, Y., & Wang,
C. (2020). Effect of Rhizophora apiculata plan-
tation for improving water quality, growth, and
health of mud crab. Applied Microbiology and
Biotechnology, 104(15):6813-6824.

Dharmawan, I. W. S. (2010). Estimation of above
ground biomass carbon of Rhizophora mucro-
nata stand at Ciasem, Purwakarta. Jurnal Ilmu
Pertanian Indonesia, 15(1):50-56.

Dharmawan, I. W. S., & Siregar, C. A. (2008). Soil car-
bon and carbon estimation of Avicennia marina
(Forsk.) Vierh. Stand at Ciasem, Purwakarta.

Jurnal Penelitian Hutan dan Konservasi Alam,
V(4):317-328.

Donato, D. C., Kauffman, J. B., Murdiyarso, D., Kurni-
anto, S., Stidham, M., & Kanninen, M. (2011).
Mangroves among the most carbon-rich forests
in the tropics. Nature Geoscience, 4:293-297.

Ganeshkumar, A., Arun, G., Vinothkumar, S., & Raja-
ram, R. (2019). Bioaccumulation and translo-
cation efficacy of heavy metals by Rhizophora
mucronata from tropical mangrove ecosystem,
Southeast coast of India. Ecohydrology and Hy-
drobiology, 19(1):66-74.

Gao, Y., Zhou, J., Wang, L., Guo, J., Feng, J., Wu, H., &
Lin, G. (2019). Distribution patterns and con-
trolling factors for the soil organic carbon in
four mangrove forests of China. Global Ecolo-
gy and Conservation, 17:¢00575.

Gomes, L. E. de O., Sanders, C. J., Nobrega, G. N., Ves-
covi, L. C., Queiroz, H. M., Kauffman, J. B.,
Ferreira, T. O., & Bernardino, A. F. (2021). Eco-
system carbon losses following a climate-in-
duced mangrove mortality in Brazil. Journal of
Environmental Management, 297:113381.

233

Jurnal Ilmiah Perikanan dan Kelautan

Hamilton, S. E., & Friess, D. A. (2018). Global carbon
stocks and potential emissions due to mangrove
deforestation from 2000 to 2012. Nature and
Climate Change, 8(3):240-244.

Hanggara, B. B., Murdiyarso, D., Ginting, Y. R. S.,
Widha, Y. L., Panjaitan, G. Y., & Lubis, A. A.
(2021). Effects of diverse mangrove manage-
ment practices on forest structure, carbon dy-
namics and sedimentation in North Sumatra, In-
donesia. Estuarine, Coastal and Shelf Science,
259:107467.

Pachauri, R. K., & Reisinger, A. (2007). Climate change
2007: synthesis report. Geneva: Intergovern-
mental Panel on Climate Change (IPCC).

Kandasamy, K., Rajendran, N., Balakrishnan, B., Thiru-
ganasambandam, R., & Narayanasamy, R.
(2021). Carbon sequestration and storage in

planted mangrove stands of Avicennia marina.
Regional Studies in Marine Science,43:101701.

Kauffman, J. B., & Cole, T. G. (2010). Micronesian
mangrove forest structure and tree responses to
a severe typhoon. Wetlands, 30(6):1077-1084.

Kauffman, J. B., & Donato, D. C. (2012). Protocols for
the measurement, monitoring and reporting of
structure, biomass and carbon stocks in man-
grove forests. Bogor: Center for International
Forestry Research (CIFOR).

Kauffman, J. B., Heider, C., Norfolk, J., & Payton, F.
(2014). Carbon stocks of intact mangroves and
carbon emissions arising from their conversion
in the Dominican Republic. Ecological Appli-
cations, 24(3):518-5217.

Kauffman, J. B., Bernardino, A. F., Ferreira, T. O.,
Giovannoni, L. R., Gomes, L. E. d. O., Rome-
ro, D. J., Jimenez, L. C. Z., & Ruiz, F. (2018).
Carbon stocks of mangroves and salt marshes

of the Amazon region, Brazil. Biology Letter,
14(9):20180208.

Komiyama, A., Ong, J. E., & Poungparn, S. (2008). Al-
lometry, biomass, and productivity of mangrove
forests: a review. Aquatic Botany, 89(2):128-
137.

Krisnawati, H., Adinugroho, W. C., & Imanuddin, R.
(2012). Monograf pada berbagai tipe ekosistem
hutan di Indonesia CO2. Bogor: Pusat Peneli-



https://doi.org/10.1016/j.margen.2011.03.005
https://www.researchgate.net/publication/350167429_Characteristics_of_tropical_mangrove_soils_and_relationships_with_forest_structural_attributes_in_the_northern_coast_of_Sri_Lanka
https://doi.org/10.1007/s00253-020-10716-7
https://lppm.ipb.ac.id/pendugaan-biomasa-karbon-di-atas-tanah-pada-tegakan-rhizophora-mucronata-di-ciasem-purwakarta/
https://www.researchgate.net/publication/319248471_KARBON_TANAH_DAN_PENDUGAAN_KARBON_TEGAKAN_Avicennia_marina_Forsk_Vierh_DI_CIASEM_PURWAKARTA
https://doi.org/10.1038/ngeo1123
https://www.sciencedirect.com/science/article/abs/pii/S1642359317301799
https://doi.org/10.1016/j.gecco.2019.e00575
https://doi.org/10.1016/j.jenvman.2021.113381
https://www.nature.com/articles/s41558-018-0090-4
https://doi.org/10.1016/j.ecss.2021.107467
https://www.ipcc.ch/report/ar4/syr/
https://doi.org/10.1016/j.rsma.2021.101701
http://dx.doi.org/10.1007/s13157-010-0114-y
https://doi.org/10.17528/cifor/003749
http://dx.doi.org/10.1890/13-0640.1
https://doi.org/10.1098/rsbl.2018.0208
https://doi.org/10.1016/j.aquabot.2007.12.006
http://incas.menlhk.go.id/id/publication/monograf-model-model-alometrik-untuk-pendugaan-biomassa-pohon-pada-berbagai-tipe-ekosistem-hutan-di-indonesia/

JIPK. Vol 15 No 1. Agril 2023 | Carbon Seﬂuestration of Above Ground Biomass ABBroach in the Rehabilitated..

tian dan Pengembangan Konservasi dan Reha-
bilitasi, Badan Penelitian dan Pengembangan
Kehutanan — Kementerian Kehutanan.

Kusumaningtyas, M. A., Hutahaean, A. A., Fischer, H.
W., Pérez-Mayo, M., Ransby, D., & Jennerjahn,
T. C. (2019). Variability in the organic carbon
stocks, sources, and accumulation rates of In-

donesian mangrove ecosystems. Estuarine,
Coastal and Shelf Science, 218:310-323.

Malik, A., Jalil, A. R., Arifuddin, A., & Syahmuddin,
A. (2020). Biomass carbon stocks in the man-
grove rehabilitated area of Sinjai District, South
Sulawesi, Indonesia. Geography, Environment,

Sustainability, 13(3):32-38.

Monga, E., Mangora, M. M., & Trettin, C. C. (2022).
Impact of mangrove planting on forest biomass
carbon and other structural attributes in the Ru-
fiji Delta, Tanzania. Global Ecology and Con-
servation, 35:¢02100.

Mutairi, K. A., El-Bana, M., Mansor, M., Al-Rowaily,
S., & Mansor, A. (2012). Floristic diversity,
composition, and environmental correlates on
the arid, coralline islands of the Farasan archi-
pelago, Red Sea, Saudi Arabia. Arid Land Re-
search and Management, 26(2):137-150.

Nualla-ong, A., Phongdara, A., & Buapet, P. (2020).
Copper and zinc differentially affect root glu-
tathione accumulation and phytochelatin syn-
thase gene expression of Rhizophora mucro-
nata seedlings: implications for mechanisms
underlying trace metal tolerance. Ecotoxicology
and Environmental Safety, 205(4):111175.

Osland, M. J., Feher, L. C., Anderson, G. H., Vervaeke,
W. C., Krauss, K. W., Whelan, K. R. T., Balen-
tine, K. M., Tiling-Range, G., Smith, T. J., &
Cahoon, D. R. (2020). A tropical cyclone-in-
duced ecological regime shift: mangrove forest
conversion to mudflat in Everglades National
Park (Florida, USA). Wetlands, 40(9):1445-
1458.

Penaranda, M. L. P, Kintz, J. R. C., & Salamanca, E. J.
P. (2019). Carbon stocks in mangrove forests of
the Colombian Pacific. Estuarine, Coastal and
Shelf Science, 227:106299.

Phillips, D. H., Kumara, M. P., Jayatissa, L. P., Krauss,
K. W., & Huxham, M. (2017). Impacts of man-

Copyright ©2023 Faculty of Fisheries and Marine Universitas Airlangga

grove density on surface sediment accretion,
belowground biomass and biogeochemistry in
Puttalam Lagoon, Sri Lanka. Wetlands, 37:471-
483.

Pringgenies, D., Setyati, W. A., Djunaedi, A., Pramesti,
R., Rudiyanti, S., & Ariyanto, D. (2021). Ex-
ploration of antimicrobial potency of mangrove
symbiont against multi-drug resistant bacte-
ria. Jurnal Ilmiah Perikanan dan Kelautan,
12(2):222-232.

Rachmawati, D., Setyobudiandi, 1., & Hilmi, E. (2014).
Potensi estimasi karbon tersimpan pada veg-
etasi mangorove di wilayah pesisir Muara
Gembong Kabupaten Bekasi. Omni-Akuatika,
13(19):85-91.

Rusdiana, O. (2012). Estimation correlation between
soil characteristics toward reserved carbon (car-
bon stock) in the secondary forest. Jurnal Silvi-
kultur Tropika, 3(1):14-21.

Rusolono, T., Tiryana, T., & Purwanto, J. (2015). Anal-
isis survey cadangan karbon dan keanekarag-
aman hayati di Sumatera Selatan. Jakarta: Ke-
menterian Lingkungan Hidup dan Kehutanan.

Sahu, S. K., & Kathiresan, K. (2019). The age and spe-
cies composition of mangrove forest directly
influence the net primary productivity and car-
bon sequestration potential. Biocatalysis and
Agricultural Biotechnology, 20:101235.

Saintilan, N., Rogers, K., Mazumder, D., & Woodrof-
fe, C. (2013). Allochthonous and autochtho-
nous contributions to carbon accumulation and
carbon store in southeastern Australian coastal
wetlands. Estuarine, Coastal and Shelf Science,
128:84-92.

Sasmito, S. D., Sillanpidi, M., Hayes, M. A., Bachri,
S., Saragi-Sasmito, M. F., Sidik, F., Hangga-
ra, B. B., Mofu, W. Y., Rumbiak, V. 1., Hendri,
Taberima, S., Suhaemi, Nugroho, J. D., Pattia-
sina, T. F., Widagti, N., Barakalla, Rahajoe, J.
S., Hartantri, H., Nikijuluw, V., Jowey, R. N.,
Heatubun, C. D., zu Ermgassen, P., Worthing-
ton, T. A., Howard, J., Lovelock, C. E., Friess,
D. A., Hutley, L. B., & Murdiyarso, D. (2020).
Mangrove blue carbon stocks and dynamics
are controlled by hydrogeomorphic settings
and land-use change. Global Change Biology,
26(5):3028-3039.

234



http://incas.menlhk.go.id/id/publication/monograf-model-model-alometrik-untuk-pendugaan-biomassa-pohon-pada-berbagai-tipe-ekosistem-hutan-di-indonesia/
https://doi.org/10.1016/j.ecss.2018.12.007
https://www.researchgate.net/publication/342861916_Biomass_Carbon_Stocks_Estimation_In_The_Mangrove_Rehabilitated_Area_of_Sinjai_District_South_Sulawesi_Indonesia
https://doi.org/10.1016/j.gecco.2022.e02100
https://doi.org/10.1080/15324982.2012.656179
https://www.researchgate.net/publication/343808763_Copper_and_zinc_differentially_affect_root_glutathione_accumulation_and_phytochelatin_synthase_gene_expression_of_Rhizophora_mucronata_seedlings_Implications_for_mechanisms_underlying_trace_metal_tole
https://www.researchgate.net/publication/341662510_A_Tropical_Cyclone-Induced_Ecological_Regime_Shift_Mangrove_Forest_Conversion_to_Mudflat_in_Everglades_National_Park_Florida_USA
https://doi.org/10.1016/j.ecss.2019.106299
https://doi.org/10.1007/s13157-017-0883-7
https://doi.org/10.1007/s13157-017-0883-7
https://doi.org/10.20473/jipk.v13i2.26199
https://ojs.omniakuatika.net/index.php/joa/article/view/22
https://journal.ipb.ac.id/index.php/jsilvik/article/view/5390
https://adoc.pub/analisis-survey-cadangan-karbon-dan-keanekaragaman-hayati-di.html
https://doi.org/10.1016/j.bcab.2019.101235
https://www.sciencedirect.com/science/article/abs/pii/S0272771413002333
https://doi.org/10.1111/gcb.15056

Hayati et al. / JIPK, 15(1):224-235

Suhaili, N. S., Fei, J. L. J., Sha’ari, F. W., Idris, M. 1.,
Hatta, S. M., Kodoh, J., & Besar, N. A. (2020).
Carbon stock estimation of mangrove forest in
Sulaman Lake Forest Reserve, Sabah, Malay-
sia. Biodiversitas, 21(12):5657-5664.

Supriharyono. (2021). Mangrove ecosystem; benefits
as a beach protector and a source of traditional
medicines. Potential of mangrove ecosystem.
Yogyakarta: Graha [lmu Yogyakarta.

Sutrisno, D., Darmawan, M., Rahadiati, A., Helmi, M.,
Yusmur, A., Hashim, M., Shih, P. T. Y., Qin, R.,
& Zhang, L. (2021). Spatial-planning-based
ecosystem adaptation (SPBEA): a concept and
modeling of prone shoreline retreat areas. /S-
PRS International Journal of Geo-Information,
10(3):1-21.

Swangjang, K., & Panishkan, K. (2021). Assessment
of factors that influence carbon storage: An
important ecosystem service provided by man-
grove forests. Heliyon, 7(12):¢08620.

Tas, S. A.J., van Maren, D. S., Helmi, M., & Reniers, A.
J. H. M. (2022). Drivers of cross-shore chenier

dynamics off a drowning coastal plain. Marine
Geology, 445:106753.

Tue, N. T., Thai, N. D., & Nhuan, M. T. (2020). Car-
bon storage potential of mangrove forests from
Northeastern Vietnam. Regional Studies in Ma-
rine Science, 40:101516.

van Bijsterveldt, C. E. J., van Wesenbeeck, B. K., van
der Wal, D., Afiati, N., Pribadi, R., Brown, B., &
Bouma, T. J., (2020). How to restore mangroves
for greenbelt creation along eroding coasts
with abandoned aquaculture ponds. Estuarine,
Coastal and Shelf Science, 235(5):106576

235 Jurnal Ilmiah Perikanan dan Kelautan

Wang, G., Zhang, Y., Guan, D., Xiao, L., & Singh, M.
(2021). The potential of mature Sonneratia
apetala plantations to enhance carbon stocks in
the Zhanjiang Mangrove National Nature Re-
serve. Ecological Indicators, 133:108415

Wang’ondu, V. W., Kairo, J. G., Kinyamario, J. 1,
Mwaura, F. B., Bosire, J. O., Dahdouh-Guebas,
F., & Koedam, N. (2013). Vegetative and repro-
ductive phenological traits of Rhizophora mu-
cronata Lamk. and Sonneratia alba Sm. Flora -
Morphology, Distribution, Functional Ecology
of Plants, 208(8-9):522-531.

Wiarta, R., Indrayani, Y., Mulia, F., & Astiani, D. W. L.
(2019). Short communication: carbon seques-
tration by young Rhizophora apiculata plants
in Kubu Raya District, West Kalimantan, Indo-
nesia. Biodiversitas, 20(2):311-315.

Woodroffe, C. D., Rogers, K., Mckee, K. L., Love-
lock, C. E., Mendelssohn, 1. A., & Saintilan, N.
(2015). Mangrove sedimentation and response
to relative sea-level rise. Annual Review of Ma-
rine Science, 8:243-266.

Zakaria, R. M., Chen, G., Chew, L. L., Sofawi, A. B.,
Moh, H. H., Chen, S., Teoh, H. W., & Adibah,
S. Y. S. N. (2021). Carbon stock of disturbed
and undisturbed mangrove ecosystems in Klang
Straits, Malaysia. Journal of Sea Research,
176:102113.

Zeng, Y., Friess, D. A., Sarira, T. V., Siman, K., & Koh,
L. P.(2021). Global potential and limits of man-
grove blue carbon for climate change mitiga-
tion. Current Biology, 31(8):1737-1743.



https://doi.org/10.13057/biodiv/d211223
https://doi.org/10.3390/ijgi10030176
https://doi.org/10.1016/j.heliyon.2021.e08620
https://doi.org/10.1016/j.margeo.2022.106753
https://doi.org/10.1016/j.rsma.2020.101516
https://doi.org/10.1016/j.ecss.2019.106576
https://doi.org/10.1016/j.ecolind.2021.108415
https://doi.org/10.1016/j.flora.2013.08.004
https://doi.org/10.13057/biodiv/d200202
https://doi.org/10.1146/annurev-marine-122414-034025
https://doi.org/10.1016/j.seares.2021.102113
https://doi.org/10.1016/j.cub.2021.01.070

	Carbon Sequestration of Above Ground Biomass Approach in the Rehabilitated Mangrove Stand at Jepara Regency, Central Java,Indonesia
	1. Introduction
	2. Materials and Methods
	2.1 Timeline and Location
	2.2 Working Procedure
	2.2.1 Sampling (mangrove)
	2.2.2 Environmental variables

	2.3. Data Analysis
	2.3.1 Mangrove density
	2.3.2 Biomass
	2.3.3 Carbon storage

	2.4 Statistical Analysis

	3. Results and Discussion
	3.1 Mangrove Density
	3.2 Environmental Variables
	3.3 The Relationship between Carbon and Mangro--ve Species

	4. Conclusion
	Acknowledgement
	Authors’ Contributions
	Conflict of Interest
	Funding Information
	References

